The attention given to testing for purchasing power parity (PPP) 
INTRODUCTION
urchasing power parity (PPP) is the simple idea that exchange rates between currencies are in equilibrium when their purchasing power is the same in each of the two countries. This means that a unit of currency can buy as much goods and services in one country as its equivalent in foreign currency can buy in the foreign country. Whether PPP holds or not has very important implications for any group of countries. For example, most developing countries have lots of potential for growth through investment projects. However, long term investment decisions require currency forecasts that extend far into the future. Being the foundation of much of exchange rate economics, the concept of PPP is often used to determine the long term equilibrium exchange rate for currencies. As mentioned by Taylor and Taylor (2004) , the concept that exchange rates adjust to the level determined by PPP is important for countries regardless of what their exchange rate arrangement is; This is because countries with fixed exchange rates "need to know what the equilibrium exchange rate is likely to be and countries with variable exchange rates would like to know what variation in real and nominal exchange rates they should expect". Other than the fact that PPP is important as a theory of exchange rate determination, there are many other reasons why it is important for it to hold. Edwards (1989) finds that persistent misalignment of the exchange rate is associated with lower economic growth rates. Also, Engel and Rogers (2001) show that there is a welfare loss associated with deviations from PPP that comes from consumers in different countries paying different prices. Moreover, the concept of PPP is indispensable in making international comparisons of income.
There are two versions of PPP: an absolute version and a relative version. The absolute version (which builds on the law of one price) holds if the nominal exchange rate between two countries' currencies equals the ratio of their aggregate price levels. This implies that the real exchange rate should be equal to one. On the other hand, the relative version of PPP only requires that the change in the nominal exchange rate be equal to the difference in the inflation rates of the two countries. For this weaker form of PPP to hold, the real exchange rate does not have to equal one but it has to be constant. An alternative way of looking at it is that the real exchange rate should be mean reverting, always returning to its equilibrium level whenever it deviates away from it. Thus, searching for evidence of long-term PPP has very often taken the form of tests for the mean reversion property of the real exchange rates.
Being an extremely important relation in any open economy macroeconomic model, a large amount of research 1 was done to test for PPP in industrialized countries. However, the existing research on PPP in the Middle East in general and in the Arab countries in particular has been very limited and has produced mixed results. Using quarterly data over 1971-1994, Bahmani-Oskooee (1998) tests for PPP by testing the stationarity of the real effective exchange rates of 11 Middle Eastern countries ( 9 Arab countries, Iran and Turkey) using both KPSS (Kwiatkowski et al., 1992) and ADF (Augmented Dickey Fuller) univariate unit root tests. While in most cases the results of the KPSS test supported PPP, the ADF test did not. Soofi (1998) uses cointegration and fractional cointegration methods to test for the mean reverting property in monthly parallel market US dollar rates for several OPEC countries and finds that P the PPP models for some of the countries including Algeria and Saudi Arabia are fractionally integrated. Using ADF tests, he is unable to find evidence for the mean reversion property in the data. Salehizadeh and Taylor (1999) , using monthly observations for the post-Bretton Woods period of 1975-1997, test for PPP for a group of 27 developing countries that include 4 Arab countries namely Algeria, Bahrain, Egypt and Morocco. Applying cointegration tests of price indices and exchange rates, they find evidence in favor of long term PPP as a cointegration concept in 14 countries including Bahrain, Egypt and Morocco. Further tests on the real exchange rates failed to find evidence for the symmetry (between domestic and foreign prices) and the proportionality (between relative prices and the exchange rate) properties implied by PPP. Moreover, ADF unit root tests could not give support to PPP in the data of these countries. Sarno (2000) applies multivariate nonlinear models to quarterly data for 12 Middle Eastern countries (9 Arab countries, Iran and Turkey) for the post-Bretton Woods period and finds evidence for highly nonlinear reversion of real exchange rates to a stable equilibrium in the countries examined. As for panel methods, Hassanain (2004) applies IPS (Im et al., 2003) panel unit root test on annual data for a panel of 10 Arab countries 2 from 1980 to 1999 and is able to reject the unit root null with a number of different base currencies.
The purpose of this paper is to extend the literature on using panel unit root tests to search for evidence for PPP in the real exchange data of countries from the Arab world. When PPP holds, the real exchange rate displays long-run mean reversion. Thus testing for the validity of PPP relies on testing for unit roots in real exchange rates. If the real exchange rates are found to be stationary and the unit root hypothesis is rejected, PPP is believed to hold. Thus the paper proceeds to test for unit roots in the real exchange rates of the twelve countries used in this study. 
THE DATA
The paper uses annual, nominal, end-of-period exchange rates and price indices to construct real US dollarbased exchange rates for twelve Arab countries namely Algeria, Bahrain, Egypt, Jordan, Kuwait, Morocco, Oman, Saudi Arabia, Sudan, Syria, Tunisia and United Arab Emirates (UAE). The choice of countries was determined by data availability. The real exchange rate is calculated as follows:
where q is the logarithm of the real exchange rate, e is the logarithm of the nominal dollar exchange rate of the domestic country (defined as the domestic price of one unit of foreign exchange), p* is the logarithm of the US price index, and p is the logarithm of the domestic country's price index. The price index used is the Consumer Price Index (CPI) except for Oman, Tunisia and UAE for which the CPI was not available. For these three countries the price index used is the GDP deflator and is related to the GDP deflator of the United States. 
UNIT ROOT TESTS The Univariate ADF Test for Unit Roots
The first step taken is to test for unit roots in the real exchange rates of the twelve countries using the univarite ADF test. In this test, the first difference of the logarithm of the real exchange rate is regressed on a constant, the lagged level of the real exchange rate and k lagged first differences as follows:
The number of lags is chosen using the recursive general-to-specific t-test procedure shown by Campbell and Perron (1991) and Ng and Perron (1995) to have better size and power properties than methods based on information criteria. Maximum k is set at 4 (a reasonable number with 34 observations) and significance is determined at the 10% level of the asymptotic normal distribution. The null hypothesis of a unit root is rejected in favor of the alternative of level stationarity if α is significantly different from zero.
The results of the ADF test are reported in Table (1) .The univariate ADF test finds evidence of PPP by rejecting the unit root null for only two out of the twelve countries: Egypt at the 10% level and UAE at the 5% level. The support for the PPP theory obtained by conducting the ADF unit root test on the real exchange rates of the twelve countries can be described as weak at best.
One possible explanation for the results of the ADF test is the low power of these tests with short time spans of data. This makes it difficult to reject the null hypothesis of a unit root in real exchange rates using these univariate tests. To overcome this problem, researchers have recently turned to the use of panel unit root tests to benefit from the extra information obtained from combining time series and cross-sectional data. The paper now turns to using panel methods to investigate whether they will render more support to the PPP hypothesis in this group of countries.
Panel Unit Root Tests

Im, Pesaran and Shin (IPS) test
In a recent study, Hassanain (2004) The IPS procedure tests the null of the existence of a unit root in every series in the panel against the alternative that at least one series does not have a unit root. The test is based on averaging the t-statistics on the 's obtained from univariate ADF tests conducted on the different countries in the panel. Using independent tests for the different countries allows for heterogeneity in the lag-structures of the different series to account for serial correlation. It also allows for the autoregressive coefficient to vary across panel members and thus attribute to the good power and size properties of the test. Moreover, by using cross-sectionally de-meaned regressions, the test also accounts for contemporaneous cross-correlations among the countries in the panel. For i = 1,.…., N countries and t = 1,…..,T time periods, the t-bar statistic is defined as The results of applying the IPS test to the real exchange rates of the panel of the twelve countries as well as to the Non-OPEC and OPEC sub-panels are reported in Table ( 2). In the case of the full panel and the Non-OPEC sub-panel, the null hypothesis of a unit root is rejected at the 1% level. On the other hand, the IPS test fails to reject the null in case of the OPEC sub-panel. The IPS test does not seem to give evidence that the fact that a big part of these countries exports namely their oil exports is denominated in dollars particularly helps PPP to hold for these countries with the dollar as the numeraire currency. The rejection of the unit root null for the full panel is in agreement with the result previously obtained by Hassanain (2004) . However, it is important not to overstate the implication of this result with regards to the validity of PPP for these countries. The test simply concludes that at least one series (but not necessarily all the series) does not have a unit root-a result that does not seem to give more support to the PPP theory than that given by the univariate ADF test. The rejection of the null can be viewed as strongly supportive of PPP if it meant that all the real exchange rate series are stationary. This requires running a test with a different alternative hypothesis such as that of Levin, Lin and Chu (2002).
Levin and Lin (LL) test
The Panel unit root test used here is a version of the LL (2002) procedure that involves estimating the following equation by feasible GLS using Seemingly Unrelated Regressions GLS(SUR):
Where j = 1,., 12 denotes the countries. This test accounts both for serial and contemporaneous correlation 3 . The model used does not include a trend but includes heterogeneous intercepts which is equivalent to including countryspecific fixed effects. Levin et al. (2002) show that using heterogeneous intercepts considerably reduces the gain in power compared to using homogeneous intercepts, because in this case each additional country in the sample adds an extra parameter to be estimated. However, the variation in the value of the coefficient µ reported in Table (1) does not justify using homogeneous intercepts. The autoregressive coefficient α is restricted to be the same for all countries under both the null and alternative hypotheses because of the definition of the LL panel test. The values of k are taken from the results of the univariate ADF tests reported in Table ( 1) and the null hypothesis of a unit root panel is rejected in favor of level stationarity of all the series in the panel if α is significantly different from zero. Again, the LL test is conducted for the full panel as well as for the Non-OPEC and OPEC sub-panels.
Exact finite sample critical values for the test statistic that account for both serial and contemporaneous correlation in the disturbances are computed using Monte Carlo methods for the full panel and the two sub-panels. This is done by fitting autoregressive (AR) models to the first differences of each of the real exchange rate series and using the Bayesian information criterion to choose the optimal AR models which are then treated as the true datagenerating processes for the errors of each of the series. From the generated residuals, the covariance matrix ∑ is calculated which preserves the cross-sectional dependence in the data. For each of the panels, the optimal AR model with iid N(0,∑) innovations is used to construct pseudo samples of size equal to the actual size of the series. Partial sums are then taken so the generated series have a unit root by construction. The estimation procedure of the test is conducted on the generated data and the process is repeated 5000 times to obtain the critical values for the finite sample distributions from the sorted vector of the replicated statistics. ) 4 ( . Table ( 3). For the full panel, the null can only be weakly rejected at the 10% level. For the Non-OPEC sub-panel the rejection occurs at the 5% level. The LL-type test, however, fails to reject the unit root null for the sub-panel of OPEC countries. Again, the issue of the dollar-denominated oil exports does not seem to be an important factor here.
To check the robustness of the results, the test is performed on panels that exclude the countries for which the ADF test showed evidence against the unit root null. The results are again given in Table ( 3). The robustness test shows the weakness of the results. For the full panel, we are unable to reject the null once we remove either UAE or Egypt from the panel. Similarly, once Egypt is excluded from the non-OPEC sub-panel, the unit root rejection disappears. This gives evidence that the unit root rejections that were obtained are in fact driven by the stationary exchange rates in the panel and that once those are removed the evidence for PPP can no longer be found.
This seems to imply that the panel of the 12 countries is probably a mix of stationary and unit root series. In spite of the welcome gain in power that is obtained with LL-type tests, their all-or-nothing nature does not provide much information about the individual series is cases of mixed panels. In an attempt to gain such insight, the task of the next section is to conduct a newly-developed panel unit root test that allows investigating the unit root behavior of each individual panel member.
The Seemingly Unrelated Regressions Augmented Dickey-Fuller (SURADF) Test
The LL test has been criticized 4 for imposing a common value of the autoregressive parameter across all the panel members under both the null and alternative hypotheses. Referring to Equation (2), the null and the alternative hypotheses would be specified as follows: The test-statistic for each of the twelve series is calculated as the t-statistic for the coefficient on the lagged level in the equation for this series. The test-statistics are obtained from SUR estimates of Equation (2) over all the panel members. This structure of the hypotheses differs from that of the univariate ADF test in that the SUR model, which accounts for the contemporaneous cross-correlation of the error terms, is used to produce efficient and potentially more powerful estimators and test statistics. Moreover, the test does not impose any restrictions across the members of the panel under the null or the alternative hypotheses. Thus, the test does not only give conclusions about the whole panel but it also identifies the panel members that reject or do not reject the unit root null. The SURADF test also accounts for heterogeneous serial correlation across panel members. To get more intuition into the support for PPP in this panel of twelve countries, the SURADF test is conducted on the full panel.
The test statistics obtained from the SURADF procedure have a non-standard distribution and thus bootstrap critical values for this one-tailed test are calculated through simulations. These simulations use the individual lag structures and the variance-covariance matrix obtained from the SUR estimation. The resulting critical values are specific to the number of countries in the panel, the number of observations and the estimated covariance matrix for the series. A separate distribution will be produced for each panel member's test statistic. Breuer et al. (2002) conduct simulations and prove that the SURADF test provides a substantial gain in power when compared with the univariate ADF test. 5 The test statistics of the SURADF test as well as the simulated critical values are given in Table (4) . The SURADF test can reject the unit root null for only two out of the twelve countries: UAE at the 1% level and Oman at the 5% level. It is impossible not to notice that the results of the SURADF procedure are different from those of the univariate ADF tests. The countries for which the unit root null is rejected by the ADF test are not exactly the same as those for which it is rejected by the SURADF test; The ADF test rejects the null for UAE and Egypt while the SURADF rejects it for UAE and Oman. Thus a power analysis is conducted for the two tests by means of simulations following the procedure used in Breuer et al. (2001 Breuer et al. ( , 2002 . Power is determined by the percent of rejections of the null using the SURADF 5% critical values found in Table (4) and the ADF 5% critical value of -2.95. 6 The results of the power analysis are given in Table (5). The results indicate that, in all cases, the power of the SURADF exceeds that of the ADF test. Comparing the figures shows that in some cases the power more than doubled. This gain in power can explain why the unit root null could be rejected with the SURADF test although that rejection could not be achieved with the ADF test i.e. in the case of Oman. As for the opposite scenario, the explanation is a little less obvious. Breuer et al. (2001) give a number of reasons why such cases can occur. One reason could be the extra information introduced into the estimation by a nonzero covariance matrix which implies the existence of contemporaneous correlation in the panel that needs to be accounted for to get correct results. Another reason, is that with the SURADF test the α's may move closer or further away from zero causing a change in inference. A third reason is that the critical values for SURADF are higher in absolute value than those of the ADF test making it more difficult to reject the null even if the standard errors are reduced ( due to the information from the covariance matrix) and the implied autoregressive coefficient moves away from 1.
Going back to the results of the SURADF test, we find that even with the increase in power achieved with this test over the ADF test, the support for PPP remains fragile. This confirms the conclusion that was drawn from the previous tests: the support for PPP in the real exchange data of these twelve Arab countries seems to be weak.
DISCUSSION OF THE RESULTS
The results indicate that evidence for mean reversion in this panel of twelve Arab countries remains in general weak. Researchers 7 give many reasons for deviations from the Law of One Price and PPP. Among those reasons is stickiness in nominal prices in the short run so that financial and monetary shocks that affect nominal exchange rates translate into short run changes in the real exchange rate (Dornbusch's (1976) overshooting model). Another explanation for the failure of goods market arbitrage to equalize international prices is the presence of transaction costs like transportation costs, tariffs, non-tariff barriers etc. all of which create a wedge between domestic and foreign prices. Yet another factor is the presence of many non-traded goods in countries' price indices and the fact that even highly traded goods contain many non-traded components such as service and property rental components. The list also includes pricing to market, Krugman's idea of price discrimination across international markets, whereby prices in export markets are set in the consumers' currency rather than that of the producer and thus changes in nominal exchange rates do not affect goods prices in these markets; this zero pass-through of exchange rate changes to local prices results in deviations from PPP. Moreover deviations from PPP can arise from the fact that the baskets of goods used to build price indices in different countries are not standardized but differ across countries.
Which of those reasons explain the weak evidence for PPP in the panel of Arab countries? It could be a little bit of everything. Many of the countries in the panel (over most of the period of the data) adopt exchange rate systems in which they peg their currencies to that of a developed country mainly the U.S. dollar as in Saudi Arabia, Oman, Bahrain, and UAE or to a composite dominated by the dollar like Kuwait. When the real exchange rate deviates from PPP, adjustment can come either from changes in the nominal exchange rate or prices. With the nominal rate being pegged, price adjustment becomes the leeway for the real exchange rate to re-adjust. The fact that in Arab countries price controls are very widespread and that price indices reflect those controlled prices, makes adjustment of the real exchange rate even harder. As a matter of fact if the price levels in these countries (as measured by their CPI's) are controlled, then any fluctuations in the nominal exchange rate will lead to deviations from PPP. Also being developing countries, members of this panel often resort to imposing tariffs to protect their infant industries which add to the wedge between domestic and international prices created by other transaction costs like transport costs, insurance etc. Moreover, the baskets used to build price indices in these developing countries are likely to differ from those of developed economies both in the types of goods included in the baskets and in the weights assigned to them. Probably many of those are features that these countries share to one degree or the other with most of the countries of the world or at least the developing world but they make the violation of PPP a possibility, nevertheless.
A second look at the results shows that UAE seems to be the country for which the unit root null can be consistently rejected and thus gives the most support to PPP. If we take into consideration that the SURADF proved to have more power than the ADF test, then we can also consider Oman to show evidence for PPP, though the unit root rejection is weaker for Oman than UAE. Papell and Theodoridis (2001) find that the ability to find evidence for PPP is inversely related to distance and nominal exchange rate volatility between the base currency and other currencies. It is unlikely that distance could give the explanation as to why the result was different for these two countries since UAE and Oman are not any closer to the United States than any of the other countries in the panel. As for volatility, these are two countries that peg their exchange rates to the dollar and therefore volatility (i.e. lack of) in the nominal exchange rates could give part of the answer for the stability in the real rates. However, other countries in the panel also peg their currencies to the dollar but no evidence for PPP could be found for them as a result of the lack of volatility in the nominal exchange rate. As a matter of fact as mentioned above pegging a country's currency to a major currency like the dollar can act as a source of deviation from PPP when the nominal exchange rate fluctuates unless these fluctuations are accompanied by price adjustments through goods market arbitrage. The distinguishing feature of UAE and Oman seems to be that they are both free market economies with very little price controls and in which market forces largely determine prices. Moreover, these two countries impose the lowest tariffs of all the countries in the panel 8 ; Oman's import custom duties are about 5% while the highest customs duty for the UAE is 4% with more than 75% of imports entering the country duty free. These duties are much lower than those collected by other countries in the panel like 12% (recently reduced to 5%) by Saudi Arabia, 10% (recently reduced to 7.5% on consumer goods) by Bahrain and definitely lower than the Average Most Favored Nation duties of 27% collected by Egypt (reduced in the beginning of 2000 from a high of 42% in 1991). It seems that the removal of some of the sources of wedges between domestic and foreign prices helped maintain PPP for these two particular countries. In other words, simply allowing for the goods market arbitrage to occur was the magical ingredient in this case.
As a result of the rules of the WTO, trade agreements signed between Arab and non-Arab countries like those signed with the European Union by Morocco and Tunisia, and agreements within Arab countries like the Gulf Cooperation Council (GCC) agreement to form a Customs Union; tariffs have been quickly reduced in Arab countries over the past few years with more cuts planned in the near future. Also with the move by more and more Arab countries towards becoming free market economies (in many cases due to IMF programs), price controls are being gradually eliminated allowing for prices to be increasingly determined by market forces. This should give the other Arab countries more of the price flexibility that helped support PPP in the case of UAE and Oman.
CONCLUSIONS
The paper tests the validity of the theory of purchasing power parity (PPP) using a panel of twelve Middle Eastern Arab countries. For this purpose, four different unit root procedures are applied to test for the mean reversion property in the real exchange rates of these twelve countries. The evidence supporting PPP in this panel is generally found to be weak. The paper concludes that in the case of the countries for which support for PPP is found, the explanation lies in these countries' pricing and foreign trade policies. 
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